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ABSTRACT
Piombino, Joseph T . ,  M.S., Winter, 1979 Geology
Depositional Environments and Petrology of the Fort Union Formation 
Near Livingston, Montana: An Evaluation as a Host fo r Sandstone
Type Uranium Mineralization (84 pp.)
D irector: Ian Lange
The Fort Union Formation in the western Crazy Mountain basin is a 
syntectonic series of coalessing a l lu v ia l  fans, deposited by south­
east flowing streams during la te s t  Cretaceous and the Paleocene.
Four sedimentary facies were recognized: an apical conglomérat ic -  
braided stream fac ies , a coarse-grained meanderbelt fac ies , a delta  
topset facies and -a d is ta l bar-finger sand-distributary channel 
fac ies . Detritus consists mainly of andesitic Elkhorn volcanic 
clasts plus minor Precambrian basement and Paleozoic sedimentary 
rock fragments.
The Fort Union coarse-grained meanderbelt facies is s im ilar to 
uranium-bearing sandstones of the Wyoming Basins and Colorado Plateau, 
Three possible uranium sources fo r sandstone m ineralization, include 
the Elkhorn volcanics, the Crazy Mountains a lkaline intrusives and 
a T ertia ry  t u f f  which may have overlain these s tra ta . Diagenetic 
conditions were s l ig h t ly  a lka line and reducing based on the 
occurrence of authigenic c l in o p t i lo l i te and the preservation of  
carbonaceous debris.
Based on the lim ited amount o f highly weathered exposures the 
economic potential of the Fort Union is not fu l ly  known. Although 
many favorable characteristics fo r the occurrence of uranium are 
present within the Fort Union, sc in til lom eter readings and surface 
water uranium contents are low. Extensive use of radiometrics and 
d r i l l in g  w il l  be necessary in future exploration e ffo r ts .
n
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CHAPTER I 
INTRODUCTION
Numerous studies show that the demand for uranium in the United 
States w il l  be s ig n if ic a n t ly  higher than the U.S. production through 
the year 2000 (National Academy of Sciences, 1975). This situation  
has resulted in in tens ified  exploration fo r new uranium reserves.
Sandstone-type uranium deposits account for 90 percent of the 
United States reserves and potential resources (Hetland, 1976). The 
majority o f these deposits are located in approximately f i f te e n  small 
d is tr ic ts  in the Colorado Plateau and Wyoming Basins, and despite 
intensive exploration in the United States, no other major uranium 
deposits have been discovered. Many of the sandstone-type uranium 
r o l l - f r o n t  deposits exploited today are close to the surface and were 
easily  located by radiometric surveys. Deeply buried uranium deposits 
have l i t t l e  i f  any surface radiometric expression, necessitating more 
elaborate exploration e f fo r ts .  While the quest fo r  more sophisticated  
instrumentation continues, the present search for additional r o l l - f r o n t  
deposits w il l  only be successful i f  based on the genetic models of known 
di s t r ic ts .
Genetic Model
Sandstone uranium deposits are strata-bound, epigenetic impregnations 
formed by supergene f lu id s . Uranium minerals f i l l  host rock pores,
1
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replace sand grains, cementing materials and plant foss ils  (Fisher, 1974). 
Intim ately associated with these deposits are zones of pervasive oxidation 
and bleaching of the host rock updip from the ore body (Fig. 1).
Typ ically , these deposits range in size from a few tons to a m illion  
tons of ore with an average grade of 0.15% Û Og (DeVoto, 1978).
In an excellent review of sandstone-type uranium m ineralization, 
Rackley (1976) argues that most i f  not a l l  o f the host rocks shared a 
common tecton ic , sedimentation and diagenetic h istory (Table 1). The 
formation of a typical uranium host rock begins with the u p lift in g  of a 
source area containing "granitic" intrusives, fa r  removed from the con­
tinental margin. Concurrent with u p l i f t  volcanic centers may become 
ac tive , contributing ash and stream worn detritus . The increase in 
stream gradients from the u p l i f t  enables coarse e lastics to be transported. 
When sediment laden streams reach basins adjacent to the up lifted  area, 
rapid deposition occurs due to the abrupt decrease in stream gradients. 
Repeated deposition builds up a series of coalessing a l lu v ia l  aprons, 
which prograde across the basin. Sedimentation on the apex of the fan, 
proximal to the mountain f ro n t,  may be dominated by coarse-grained, high- 
energy, tra c tive - lo a d  braided streams. Further from the mountain front 
lower stream gradients favor f ine  grained meanderbelt systems (Brown,
1973; Fig. 2 ) .  Suspended load deposition predominates on the more distal 
portions o f the apron. The resulting sedimentary p ile  consists of a 
series of le n t ic u la r  conglomerates and carbonaceous sandstones, in te r ­
fingered with mudstones; a sequence with highly variable porosity and 
permeability.
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l^ u n o lfe red  sondstone ( % / )  altered sandstone
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0  5  K) Meters
Figure 1 Cross section through a typical uranium ro ll  
fron t.
CONTENT OF URANIUM ROLL DEPOSITS
oxidized rock ore zone
Pyrite diminished strongly^ increased
Uranium s l ig h t ly  increased strongly increased
Molybdenium s lig h t ly  increased strongly increased
Selenium s l ig h t ly  increased strongly increased
Vanadium s l ig h t ly  increased strongly increased
unaltered rock
present
present
present
present
present
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Granite
Braided System Meanderbelt
System
Fine Grained 
Meanderbelt System
Shale
Contact may
be a f a u l t     ̂ ^
or in trus ive \- 
margin
Igneous Rocks Conglomerate Sandstone 
Figure 2 Idealized Cross-Section of An A lluv ia l Apron
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Table 1. Common features of sands tone-type uranium deposits 
_________________________________________ (from Rackley, 1976)________ _____
A. Tectonic conditions
1. Host rock is part of a th ick , extensive sequence, much of
which may be red beds
2. Host rock is fe ldspath ic , micaceous or cherty sandstone
3. Volcanic material is present in or overlying the host rock
4. Upstream erosion of host rock
5. Burial and preservation
8 . Sedimentation
1. Sedimentation by stream flow of braided or meandering streams 
on local or regional unconformities
2. Sandstones and conglomerates tend to be len tic u la r and re la t iv e ly  
restr ic ted
3. S iltstone and mudstone are interbedded with and in erosional re­
lationship to sandstones and conglomerates
4. Mudstone clasts are corimon constituents o f sandstone and con­
glomerates
C. Sedimentary environment, paleoclimate and diagenesis
1. Light gray or green to dark gray sandstones with gray and green 
mudstone, a l l  commonly p y r i t ic ;  pink or red mudstones present but 
minor in amount
2. Gypsum crystals in mudstones
3. Reptilian fauna
4. Bioturbation
5. Vegetal carbonaceous material from logs, stumps and roots in 
place, d e tr i ta l  fragments to bacteria l residue and/or asphaltic  
material
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Table 1 (Continued)
D. M inera lization and A lteration
1. Uraninite and c o f f in i te  are principal uranium minerals, in 
non-weathered deposits
2. M inera lization  is both discordant and concordant with sedimen­
tation
3. M inera lization occurs in sharp contact with carbonaceous-free 
or oxidized zones
4. Epigenetic minerals occur in same re la t iv e  spatial positions 
when present
5. M ineralization is most common in thicker sandstone-facies belts  
where mudstone facies make up 20-50% of the sequence.
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Recurrent u p l i f t  in the source area w il l  prograde wedges of coarse 
elastics over f in e r  grained sediments. I f  the source area becomes 
tec ton ica lly  stable the processes of erosion and sedimentation w il l  
eventually establish a graded p ro f i le .  This condition causes deep 
weathering which releases dissiminated uranium from source materials.
In the depositional basin a graded p ro f i le  leads to the establishment 
of vegetated, reduced overbank deposits.
The formation of a uranium deposit begins with the u p lift in g  and 
erosion of a porous and permeable sandstone. Most uranium d is tr ic ts  
tend to be restr ic ted  to narrow belts that wrap around centers of 
Cretaceous and T ertia ry  u p lif ts  and igneous intrusives of various ages 
(Gabelman, 1971). Oxygenated surface waters flow from the outcrop, down 
the structural and/or depositional dip of the reduced channel sandstones, 
forming a continuous three dimensional body of oxidized sandstone 
(geochemical c e l l ,  Rackley, 1976). Uranium, leached from granites, 
d e v it r i f ie d  tu ffs  and the up-dip oxidized sandstone is transported as 
a carbonate complex in the oxidation state (Garrels, 1957; Hosteller
and Garrels, 1962). When uraniferous solutions encounter organic debris 
and/or HgS, soluable U ions are reduced to U and precipitated as 
uraninite  possibly with the aid o f bacteria (Breger, 1974; Jensen, 1958, 
1963). P recip ita tion  occurs at the margin of the expanding geochemical 
cell in a zone termed the reaction interface (Fig. 1). Uranium is 
continuously precipitated and dissolved on the "upstream" side of the 
in terface and reprecip itated down-dip as the geochemical ce ll expands. 
Ultim ately when equilibrium is established the cell no longer expands
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and uranium "ro lls"  are l e f t  as small isolated bodies separated by 
enormous barren intervals (Fig. 3 ). These uranium deposits must be 
isolated from continued oxidation and erosion in order to be preserved. 
Preservation is insured by the deposition of impermeable strata  above 
the host.
A fte r burial the uranium deposit may have very l i t t l e  surface 
radiometric expression. The exploration geologist must determine the 
sedimentological history of the basin and with the aid o f geophysical 
data, choose favorable d r i l l in g  s ite s . I f  the hole penetrates the barren 
in te r io r  o f a geochemical ce ll fu rther d r i l l in g ,  down dip is required to 
locate the reaction in terface. Extensive d r i l l in g  is required to outline  
the geometry of the geochemical ce ll and to determine uranium reserves.
The s im plified  model presented above cannot explain the genesis of 
many uranium d is t r ic ts .  Deposits below unconformities in the Chinle 
formation (Utah) may have formed by the vertica l development of a geo­
chemical c e l l ,  concurrent with weathering (Rackley, 1976). Uranium 
deposits along the Texas coast apparently formed in f lu v ia l  and marine 
sandstones proximal to fa u lt  zones which supplied H2 S derived from deep 
hydrocarbon reservoirs (Eargle e t .  a l . ,  1975). Faulting has also 
influenced the shape and location of uranium "stack" deposits of the 
Colorado Plateau. There is also disagreement over the source of uranium 
ions, transporting f lu ids  and the timing of m ineralization. However, 
the generalized working model, with i ts  many varia tions , provides a basis
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3 Plan View of A Typical 
Geochemical Cell
Oxidized Sandstone
I Uranium Ore Body
modified from Harshman, 1974
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fo r the selection of new exploration targets in untested sedimentary 
basins.
Purpose of This Study
A fter reviewing the l i te ra tu re  on the Fort Union Formation in the 
western Crazy Mountains Basin (Fig. 4 ) ,  i t  was apparent that these 
c la s t ic  rocks contain many of the requisites l is te d  in Table 1. Because 
the Fort Union appeared favorable fo r uranium concentration, the 
sedimentology and petrology of th is formation was investigated fo r the 
purpose o f evaluating i ts  potential as a uranium bearing host rock.
Field work was conducted during the summer of 1978. The easily  
weathered Fort Union sediments support heavy grass, sage and forest 
cover. Bedrock is exposed in about 5 percent of the study area. S i l t -  
stones and mudstones outcrop only in stream and road cuts. Resistant 
conglomerates and sandstones outcrop except where the structural dips 
are less than 10 degrees. Crucial relationships between coarse-grained 
c la s tic  rocks and fine-grained mudstones are seldom exposed. Because of 
the extensive cover, stratigraph ie  sections were not measured. Sedimen- 
to logic observations and samples fo r laboratory examination were collected  
from outcrops along Area Creek, Brackett Creek and the Shields River 
(Fig. 5 ). Vertical s tra tig raph ie  control varies from good to very poor. 
Lateral s tratigraphie control is generally poor due to the paucity of 
persistant marker beds.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Previous Work
Strata of the Crazy Mountains Basin were f i r s t  examined by Weed 
(1893). He assigned the name Livingston Formation to the thick  
vo lcanic lastic  sequence overlying the Laramie Formation, the top of 
which is now the Eagle Sandstone. Weed recognized the p o ly lith ic  nature 
of the Battle  Ridge conglomerates and stated: "There is some evidence
th at may prove s u ff ic ie n t  cause for a separation of these conglomerates 
and s i l t s  from the Livingston Formation and th e ir  recognition as the base 
of the Fort Union Group." Later workers acknowledged th is p o ss ib il ity  
(Stone and Calvert, 1910; McMannis, 1955). However, the solution to the 
complex stratigraphy was often compliated by the a rb itra ry  application  
o f the name Livingston to a wide variety  of volcanic and sedimentary 
units (Skipp and McGrew, 1977).
Roberts (1963, 1972) defined the Livingston Group and subdivided i t  
into four formations on the basis of mollusks, vertebrates and rock type. 
Roberts also defined the Fort Union Formation in the Crazy Mountains 
Basin as those sediments overlying the Livingston Formation, containing 
detritus  derived from basement rocks and Paleozoic sediments, and marked 
by a basal conglomerate. Roberts (1972) recognized heavy mineral suites 
that were derived from basement rocks exposed during the deposition of 
the Livingston. However, he suggested the lim ited quantities of s i l l i -  
nianite, corundum and s ta u ro lite  in the Livingston were derived from 
sm aller, less elevated basement exposures than during the time of Fort 
Union deposition.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Weed (1893) recognized a brackish and fresh water fauna within  
the Livingston and Fort Union Formations. Based on th is  faunal evidence 
and the correlation of the Livingston with marine beds of the Claggett, 
Judith River, Bearpaw, Lennep and Hell Creek Formations, Stone and 
Calvert (1910) suggested the Livingston to be a transistional marine 
deposit (F ig. 6 ) .  In a detailed  sedimentological study, Sims (1967) 
subdivided the Livingston Group into three new formations and interpreted  
i t  as a flood p la in -d e lta  complex, deposited by northeastward flowing 
streams.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER I I  
REGIONAL SETTING
Geologic History
The oldest rocks in the Livingston area are the Precambrian 
metamorphic schists and gneisses exposed in the Bridger and Beartooth 
Mountains, the source fo r  la te  Precambrian Beltian sediments deposited 
northwest of the study area (Winston, 1977). During the Paleozoic,
Central Montana was the s ite  of epicontinental marine mud and carbonate 
deposition (McMannis, 1965). These marine deposits were then sub­
aeria l ly  exposed and lo c a lly  overlain by te r re s tr ia l  sands of the Triassic  
Chugwater Group (MacLachlan, 1972). Early Jurassic seas transgressed 
this continental environment, depositing sands, muds and carbonates of 
the E l l is  Group. Late Jurassic and early Cretaceous te r re s tr ia l  
sediments o f the Morrison and Kootenai Formations prograded over e a r l ie r  
marine deposits in much o f Central Montana, The basal conglomerate of  
the Kootenai Formation indicates strong u p l i f t  occurred west of Montana 
(McMannis, 1965). The extensive early  Cretaceous epicontinental sea 
transgressed continental environments depositing marine sands and muds 
of the Colorado Group throughout Central and Eastern Montana.
Approximately 83 m.y.b.p. volcanic centers in Central Montana 
extruded the Elkhorn Mountain, Wolf Creek and Livingston Igneous Series 
(south of Big Timber) (Skipp and McGrew, 1977). As volcanism continued
16
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the Cretaceous sea retreated to the east and the Crazy Mountains 
Basin was downwarped (Roberts, 1963). Concurrent with volcanism 
and downwarping vo lcaniclastic  sediments of the Livingston Group were 
deposited in the western portion of the basin (Roberts, 1972, Skipp and 
McGrew, 1977). The d e lta ic  Livingston Formation thins and in terfingers  
with marine sediments of the Montana Group east of the Crazy Mountains 
(Sims, 1967). During la te s t  Cretaceous and Paleocene, the Fort Union 
Formation was deposited throughout the Crazy Mountains Basin (Roberts, 
1972). Similar thick synorogenic coarse c la s tic  sequences were deposited 
in localized basins in Western Montana and Wyoming at th is  time. The 
Fort Union, Livingston, Beaverhead, Golden Spike, Sphinx Mountain and 
Harebell Formations record the sedimentary history o f extensive Laramide 
u p l i f t  in the Northern Rockies (Ryder and Scholten, 1973; Gwinn and 
Mutch, 1965).
Approximately 58 m.y.b.p. a lka lin e  and ca lc -a lka line  hyperbyssal 
dikes, s i l l s  and laccoliths of the Crazy Mountains Series intruded the 
central portion o f the basin (Larsen and Simms, 1972). There is much 
speculation on the genesis o f these intrusives; present tectonic models 
are unable to corre la te  the Montana a lk a lin e  series with the Eocene 
subduction zone in Western Washington and Oregon (Burchfield and Davis, 
1975).
Currently Southwest Montana is seism ically active (Smith and Sbar, 
1974) and the Livingston area is the s i te  of active erosion.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Regional Structure
The Crazy Mountains Basin is a structural depression created 
during the la te  Cretaceous (Roberts, 1963). The basin is bounded on 
the north by the Castle Mountains, on the west by the Bridger Range 
and Big Belt Mountains, on the south by the Beartooth Range and the 
Nye-Bowler Lineament and on the east by the Pryor-Big Horn u p l i f t  
(Fig. 7 ). Tectonically  the Crazy Mountains Basin is located on the 
cratonic s i te  of the foreland thrust belt and is therefore c lass ified  
as a retroarc basin.
The structural pattern of the Crazy Mountains Basin is a resu lt of 
the superposition of Laramide compression on previously fractured base­
ment rocks (G arre tt ,  1972). Garrett hypothesized that structures north­
west of B attle  Ridge are generally related to thrusting while structures 
southeast of Battle  Ridge resulted from dip s lip  and transcurrent base­
ment movements. Laramide compression induced reverse movement along a 
high angle Precambrian fa u l t ,  forming the Battle Ridge monocline (Fig. 8 ) 
Just north o f the Battle  Ridge fa u l t  zone coarse arkosic Belt Supergroup 
rocks occur suggesting th is  to be the northern edge of the D illon Block 
(McMannis, 1955, Winston, 1977).
The Bridger Range, located west of the basin, is an eastward thrust 
block of Precambrian and Paleozoic rocks. U p l i f t  began during the la te  
Cretaceous but thrusting did not occur until a f te r  Fort Union deposition 
(McMannis, 1955). This thrusting folded the Livingston and Fort Union 
strata  to a near ve rt ica l orientation along Bridger canyon. East of
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Bridger canyon a doubly plunging syncline along Brackett Creek is v is ib le  
on aeria l photographs (Fig. 5). These photos also suggest several fau lts  
ex is t  south and p ara lle l to Battle  Ridge, omitting beds on the north 
limb of the Brackett Creek syncline, while repeating strata  south of 
Nixon Peak (Fig. 5 ). East o f R7E along Brackett Creek structural dips 
vary between 10 and 20 degrees to the west. In the southern portion of 
the study area several enechelon folds have been interpreted to be 
surface wrench features resulting from le f t - l a t e r a l  movement along the 
Nye-Bowler Lineament (Wilson, 1936).
Along the Shields River some Fort Union sediments were apparently 
deposited at sea le v e l.  These deposits are now 1400 meters above sea 
le v e l.  Although sea level during the Paleocene was higher than presently, 
the majority o f the 1400 meter d ifference is probably a ttr ib u tab le  to 
regional u p l i f t in g  of the entire  basin a f te r  Fort Union deposition.
Economic Resources
Two small occurrences of copper, lead, s i lv e r  and gold are associated 
with the Crazy Mountains intrusives (Bentley and Mowat, 1967). Numerous 
optical c a lc ite  veins occur in Fort Union strata  south of the Crazy 
Mountains. These fracture f i l l in g s  may have been formed by low temperature 
hot springs associated with magmatic intrusives (S to ll and Armstrong,
1958). Commercial bituminous coal beds of coking qua lity  occur in the 
Eagle sandstone south of Livingston. These deposits have reserves 
estimated at 300 m illio n  short tons (Roberts, 1972). Many of these coal
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seams were developed from the 1860's to the 1930's to fuel locomotives 
and local industry. Presently these deposits are not being mined. 
Although numerous o il  and gas shows have been reported, commercial 
quantities have not been located in the Crazy Mountains Basin (Hadley,
1972). No uranium occurrences have been discovered within the basin; 
however, the Fort Union and Livingston Formations were deposited in 
environments favorable fo r uranium concentration and may o ffe r  potential 
resources.
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CHAPTER I I I  
DESCRIPTION OF OUTCROPS
Conglomerates
Roberts (1963) defined the Fort Union formation as those sediments 
above the lowest p o ly l i th ic  conglomerate in the western Crazy Mountain 
Basin. This conspicuous ridge-forming conglomerate is composed of 
numerous gravel lenses 2 to 20  m thick which pinch and swell la te ra l ly  
and are commonly m ultis toried . The contact between the basal conglomerate 
and the underlying coarse trough-crossbedded sandstones of the Livingston 
Group displays numerous scour and f i l l  structures. Latera lly  and 
v e r t ic a l ly  conglomerate in terfingers  with coarse sandstone lenses.
The basal conglomerate is best exposed along Battle  Ridge. There 
individual beds are between 0.3 and 3 meters thick and display large  
planar tabular crossbeds (Fig. 9 ) .  Imbricated, grain-supported clasts  
range from 2 to 2 0  centimeters in length, are well rounded and moderately 
well sorted. The matrix between clasts consists o f poorly sorted 
sandstone and localized c a lc ite  cement. These well indurated l ig h t  
o live  brown (5Y 5 /6 )  sediments weather dark yellowish brown (lOYR 4 /2 )  
and conspicuously lack fo ss ilized  wood and plant debris.
Volcanic rocks of intermediate composition comprise about 90 percent 
of the clasts within the basal conglomerate. Clasts are predominantly 
porphyritic  dacites, rhyodacites and quartz la t i te s  containing 
phenocrysts o f augite , plagioclase (An^g-An^^)» amphibol i te  b io t i te .
23
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Many volcanic clasts have suffered extensive oxidation which a ltered  
the groundmasses to hematite, s i l ic a  and clays. Unaltered groundmasses 
are ty p ic a lly  c ryp tocrysta line glasses and/or m ic ro li t ic  aggregates 
of quartz and plagioclase. Well rounded quartz arenite clasts comprise 
about 9 percent of the basal conglomerate. This stratum also contains 
clasts o f quartz-feldspar amphibole gneisses, amphibole schists, vein 
quartz, f ine-grained, well indurated sandstones, chert and dark f in e ly  
c ry s ta ll in e  fe t id  limestones. The basal conglomerate, which is thickest 
along B attle  Ridge, thins and fines toward the south and east, suggesting 
the source area was to the northwest.
At 13 locations I randomly sampled and segregated clasts into compact,
elongate and platy categories to investigate the relationship between 
rock type, c last shape and distance from suspected source areas (Folk,
1974). Although a fu l l  spectrum of volcanic c last shapes occur in the 
northwest portion of the study area, elongate volcanic clasts are 
generally absent to the south (Fig. 10). This is probably due to breakage 
of elongate volcanic clasts during prolonged transport. Most quartz ite  
clasts are spherical suggesting derivation from a more distant source 
or resedimentation from morphologically mature conglomerates. Typically  
elongate, limestone clasts show no morphological variation because of 
preferred breakage patterns. The anisotropic weathering of limestone 
clasts eliminates th e ir  use in the morphological study.
A 150 meter th ick sequence of interbedded conglomerates and sandstones,
s im ila r to the basal unit occurs a t the top of the Fort Union on Nixon
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Union Formation.
Key to c last shape data:
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3 ) elongate clasts not present
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Peak (Fig. 10). I t  contains approximately 5 percent limestone c las ts ,  
suggesting extensive u p l i f t  and erosion of a carbonate highland during 
upper Fort Union deposition.
The conglomerates within the Fort Union were deposited by f lu v ia l  
processes based on: 1 ) s im ila r ity  o f sedimentary structures to recent
f lu v ia l  deposits, 2 ) intimate association with sandstone displaying  
f lu v ia l  features, 3) angularity o f in t e r s t i t i a l  sand grains, 4) lack of 
marine fauna. Studies on recent gravels in the Nueces River, Texas 
(Gustavson, 1978) and Irv ing Creek, Ontario (M arilin i, 1977) describe 
many features characteris tic  o f Fort Union conglomerates (Table 2 ) .  The 
low sinuosity, moderately high gradient Nueces River deposits gravels 
on transverse and point bars during periods of high discharge. Following 
the period of peak flow poorly sorted sand and mud is deposited from 
suspension on adjacent flood pla ins. Fort Union conglomerates lack the 
s i l t  and clay frac tion  which comprises a s ign ifican t portion of Nueces River 
bars. Sand and clay is also absent from the braided Irv ing Creek gravels 
(M a r i l in i ,  1977). The Fort Union conglomerates were deposited by high 
gradient braided or s l ig h t ly  sinuous meandering streams during periods 
of high discharge. Gravel, transported by strong tra c tive  currents was 
deposited on the accreation faces o f channel and point bars under lower 
flow regime conditions. A fter peak flow conditions, poorly sorted sands 
were trapped between framework elements. The essential depositional 
features preserved within suspected point and channel bars were un­
affected by periods of low flow. Deposition of trough cross-bedded
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sands between gravel bars and in bar channels occurred during low flow 
and decreased sediment supply periods. Episodic channel sh ift in g  under 
peak flow conditions allowed the migration of a continuous gravel sheet 
throughout the western margin of the Crazy Mountains Basin.
Sandstones
The Fort Union formation contains three d is t in c t  sandstone 
assemblages which I have inform ally named on the basis o f  type lo c a l i t ie s .  
The typical Area Creek-type sandstone is lensoidal, coarse to medium 
grained and contains numerous large and small trough crossbeds (Fig. 11). 
Lenses 10 to 100 meters thick extend la te ra l ly  from 0.2 to 4 kilometers.
On a mega scale the Area Creek section is composed of many sandstone 
lenses imbedded in a matrix of f in e  horizonta lly  laminated s i l t -  
stone and mudstone. The lenses hold up small discontinuous hogbacks 
surrounded by grass and sage covered mudstone slopes. Within each lens 
the scale o f sedimentary structures and grain size decreases upwards 
with the base marked by a choatic potpourri of p a r t ia l ly  preserved 
trough crossbeds. Trough crossbeds range from 0.5 to 2 meters thick  
and contain abundant pebbles, poorly sorted sand, clay rip-up clasts  
and plant fragments. Tabular, planar crossbeds 20 cm th ick, capped by 
a gravel veneer are lo c a lly  present. This mozaic of sedimentary structures 
extends v e r t ic a l ly  and la te r a l ly  throughout most of the sandstone lens. 
Troughs become smaller near the top of a lens and plane horizonta lly  
laminated medium-fine-grained sand layers are commonly present. Small
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(7 to 15 cm) trough crossbeds dominate the top o f the lens. Ripples 
are seldom present in the poorly sorted, coarse-grained Area Creek 
sandstones.
The base of a f in in g  upward lens is characterized by a greater 
concentration of volcanic rock fragments, clay rip-up clasts and organic 
debris. The top of a lens may be re la t iv e ly  enriched in opaques, quartz 
and feldspar. The sandstone is generally l ig h t  o live  green (5Y 5 /2 )  
representing deposition under reducing conditions.
The Area Creek sandstones have features characteris tic  of both the 
coarse and fine-grained meanderbelt systems described by Brown (1973) and 
McGowen and Garner (1970). Because those systems are idealized end 
members in a continuum of natural processes one should except variations  
from the models (Table 3). Area Creek sandstones were deposited by 
mixed load, meandering streams, flowing over moderate gradient slopes. 
Channel units in the Area Creek section show an incomplete point bar 
sequence; the coarse grained channel lag , scour pool and lower point bar 
deposits are erosively bounded v e r t ic a l ly  and la te ra l ly  by s im ilar channel 
sequences. During high flow periods the channel base is scoured and 
in f i l le d  by poorly sorted sediments, forming prominent trough cross­
bedding. The migration and preservation o f small transverse bars 
produces the small tabular crossbeds of the lower point bar (McGowen 
and Garner, 1970). Overbank flow deposits sand and s i l t  on floodplains  
adjacent to the channel, under upper flow regime conditions (McGowen 
and Garner, 1970). Small scour troughs are also common to flood plain
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deposits. A fte r the flood crest passes, stagnent flood plain waters 
deposit extensive s i l t  and mud drapes from suspended sediment.
The Brackett Creek sandstone facies exposed in road cuts along 
Brackett Creek, east o f Nixon Peak, is characterized by a regular a l ­
ternation between moderately well sorted, fine-angular-grained sandstone 
in tabular beds and evenly bedded organic rich mudstone (Fig. 12). Sand­
stone beds 20 to 50 cm thick contain horizontal planar and ripple  cross 
bedding, along with occasional climbing ripples. Many of these structures 
have been contorted by compaction o f interbedded muds. Trough f i l l  
crossbeds 10 to 20 m wide, 1 to 2.5 m thick and symmetrical in cross 
section commonly scour into the evenly bedded sand and mud layers. 
Typically these troughs contain poorly sorted sand grains, abundant mud 
chips, plant debris and small, low-angle, planar tabular and trough 
crossbeds. Several abandoned mud f i l l e d  scour channels are associated 
with scour troughs.
The specific  depositional environment responsible fo r  these deposits 
is uncertain. The regular a lte ra t io n  between thin tabular sand and mud 
layers suggests a marginal marine depositional environment. Reineck 
and Singh (1973) describe s im ilar deposits in the Transition Zone of the 
Cretaceous Mesa Verde Group. The Transition Zone underlies coastal 
beach and b a rr ie r  bar sands and overlies shelf mud deposits (Fig. 13).
Mud is continuously deposited from suspension below wave base. Periodic 
storms wash coastal sands seaward forming thin ripp le  bedded sheet sands. 
The depth to the top of the trans itio n  zone varies from 2 to 20 meters.
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while the base of this environment ranges from 8 to 30 meters (Reineck 
and Singh, 1973). Streams entering th is marginal marine setting may 
have generated strong submarine currents, scouring evenly laminated 
sands and muds, forming the large trough crossbedded sandstone.
The Brackett Creek facies also contains features s im ilar to recent 
delta topset deposits. In this interpretation the tabular sand sheets 
are levee and crevasse splay deposits formed under flood conditions.
As flood waters overtop stream banks, the velocity is reduced, causing 
deposition of suspended sediment, near the channel as levees (Fig. 14). 
Later floods may breach levees, d iverting water and sediment into  
adjacent flood basins. Sand is rapidly deposited in broad sheet-like  
tongues, several to 1 0 0 's of meters wide, displaying ripp le  crossbedding, 
climbing ripp le  lamination and horizontal bedding (Reineck and Singh,
1973). As the floodcrest passes, clays slowly s e tt le  from stagnent 
flood pla in  waters forming extensive, evenly laminated, tabular mud 
layers. P eriod ica lly , d is tr ibu tary  channels migrate la te r a l ly ,  scouring 
into flood basin deposits producing large trough, c h a n n e l-f il l  sand­
stones. Stratigraphie relationships (Chapter IV) favor the delta  topset 
orig in  fo r  the Brackett Creek facies.
Excellent exposures of the Chadborn-type sandstone may be seen near 
Chadborn and Clyde Park, along the Shields River. The base of the 
sequence a t Chadborn consists of a 9m thick massive, moderately well 
sorted, fine-grained sandstone (Fig. 15). Within th is  grayish-green 
(5G 5 /2 ) sandstone several 20cm thick planar tabular crossbeds occur;
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the Gomti River, India. From Reineck and Singh 
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however most sedimentary structures were obliterated  by deformation 
during compaction. Exposures near Clyde Park display horizontal lamina­
tions when not disrupted. Several troughs are scoured approximately 
2m into the top of the massive sandstone. Some troughs are f i l l e d  with 
mud chips and organic debris, while others contain small trough- 
crossbedded, poorly-sorted sandstone.
These sedimentary features are characteris tic  o f bar finger sands 
and d is tr ibu tary  channel f i l l s  (Brown, 1973; Fisk, 1961). Bar finger  
sands are deposited in shallow water, seaward of a d is tr ibu tary  channel, 
above prodelta foreset muds (Fig. 16). Low sinuosity, symmetrically 
f i l l e d  d is tr ibu tary  channels commonly scour into the underlying bar 
f inger sands. These channels deposit trough and ripple  crossbedded 
sands while active and when abandoned i n f i l l  with mud and plant debris.
Paleocurrents
One hundred f i f t y - f o u r  bearing and plunge measurements o f trough 
crossbed axes were collected within the study area. Trough axes 
conform within a few degrees to the actual channel trend (McGowen and 
Garner, 1970) and should be the most re l ia b le  indicator of paleo- 
current d irections. Crossbedding measurements were corrected fo r tectonic 
t i l t  with the aid o f a stereonet and the resulting vectors compiled on 
rose diagrams (Figures 17 and 18). Although there is some scatter, 
the dominant d irection  o f transport, and therefore regional slope, was 
toward the southeast. Over 80 percent o f the measurements were collected 
from Area Creek type sandstones and the lack of appreciable scatter
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Figure 16 Bar Finger Sands and Associated Environments 
modified from Fisk(1961)
Table 5 Characteristics of Bar Finger Sands
1) Fine sands and s i l t s
2) Absence of fauna
3) Plant debris
4) Thin laminae of sand and s i l t
5) Sedimentary structures: 
a) clean, well sorted, laminated sands
thin, p lanar-tabu!ar crossbeds 
small trough crossbeds common throughout
b)
c)
d) contorted layers 
Prodelta muds
formed by s e tt lin g  of bar into
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suggests deposition by low sinuosity streams (McGowen and Garner, 1970). 
Anomalous paleocurrent directions in T2S, R8E (Fig. 18) suggest localized  
deposition by high sinuosity streams. The northeast paleocurrent trends 
in th is  rose may represent troughs formed by back flow along channel 
margins.
Petrology
Sandstones o f the Fort Union formation are extremely immature and 
most c lass ify  as l i t h ic  arenites (Folk, 1974) because of the preponderance 
of volcanic detritus . Pétrographie descriptions and sample locations 
are l is te d  in Appendix 1. The major d e t r i ta l  constituents are volcanic 
rock fragments and d e v it r i f ie d  glass (2 to 75%), quartz (7 to 60%), 
plagioclase (0 to 6%), and augite (0 to 46%). Minor d e tr i ta l  components 
include sedimentary and metamorphic composite quartz, orthoclase, carbonate 
rock fragments, b io t i t e ,  c h lo r ite ,  muscovite, magnetite, i l lm e n ite ,  
chalcedony, tourmaline, amphibole and leucoxene.
Most quartz grains are c le a r , angular and embayed, with s tra ight  
extinc tion , suggesting a volcanic source. A smaller population of 
quartz grains is well rounded, with stra ight to undulose extinction and 
rare reworked overgrowths suggesting derivation from sedimentary rocks. 
Quartz angularity decreases s l ig h t ly  toward the east although some 
Chadborn-type sandstones contain s ig n if ic a n t amounts of angular quartz 
(F ig . 19). Quartz grains from f lu v ia l  conglomerates and Area Creek type 
sandstones are f a i r l y  angular and show only minor rounding with increased 
transport distances. Quartz content c le ar ly  increases up-section
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Figure 22 Thin section of typical Area Creek sandstone.
Euhedral quartz crystals growing in pore space 
on r ig h t .  Fibrous clay minerals growing in 
pore spaces and altered  volcanic rock fragments. 
VRF denotes volcanic rock fragment.
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{Fig. 20) and eastward (Fig. 21 ), at the expense of volcanic detritus .  
Coarse conglomeratic sandstones (basal conglomerate, Nixon Peak con­
glomerate, basal and upper Area Creek lenses) have less quartz than 
the f iner-g ra ined  middle Area Creek section, Brackett Creek and Chadborn 
type-sandstones (Figs. 20 and 21). This is probably the result of 
extensive reworking of sediments in fine-grained environments.
Plagioclase and especially orthoclase are often altered to clay 
minerals. Many plagioclase grains are euhedral, zoned and larger than 
quartz grains: textural inversion (Folk, 1974). This suggests a fe ld ­
spar source close or closer than that of quartz. Plagioclase compositions 
vary between An^gfoligoclase) and An^  ̂ ( labradorite ) with andesine being 
predominant.
Augite, derived from a volcanic source is p a rt ic u la r ly  abundant in 
sandstones associated with conglomerates and coarse Area Creek lenses.
The occurrence o f large quantities of th is  unstable mineral in coarse 
c la s t ic  horizons implies rapid mechanical disaggregation, with l i t t l e  
chemical a lte ra t io n  of source materials during periods of profuse 
sediment production.
The most interesting and perplexing aspect of Fort Union petrology 
is the diagenetic a lte ra tio n  of unstable volcanic detritus which created 
a pétrographie nightmare. Unaltered volcanic fragments are seldom 
observed. Most grains have a ltered  to c h lo r ite ,  smectite, serpentine, 
chert and/or c l in o p t i lo l i t e ,  producing the o live  green coloration 
c h a ra c te r is t ic  of Fort Union sandstones. Frequently individual grain
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boundaries are indistinguishable because of the extensive diagenetic 
a lte ra t io n .  A ltera tion  of volcanic detritus released abundant s i l ic a  
which prec ip itated  as syntaxial overgrowths on quartz grains. Additional 
s i l ic a  prec ip itated  i n t e r s t i t i a l l y  as opal which commonly altered to 
chalcedony and chert. In most th in sections s i l ic a  appears to be the 
f i r s t  formed cement. Calc ite  cement apparently precipitated a f te r  s i l ic a ,  
as expitax ia l overgrowths and in t e r s t i t ia l  impregnations. Calcite  
cements are extensive in Chadborn type sandstones, the Nixon Peak 
sandstones and the upper Area Creek sandstones.
Clay Mineralogy
Clay minerals within the Fort Union formation occur as d e tr i ta l  
partic les  (in  shales) and anthigenic components of sandstones and con­
glomerates. Most f lu v ia l  channel sandstones have l i t t l e  i f  any d e tr i ta l  
clays when deposited (Wilson and Pittman, 1977). Therefore, the clay 
assemblage within Fort Union sandstones probably represents the a lte ra tion  
of framework grains during diagenesis.
Thin sections of Fort Union sandstones reveal authigenic clays as 
pore lin in g s , pore f i l l in g s  and replacements of volcanic glass, volcanic 
rock fragments and feldspars. Although v is ib le  in thin section, the 
precise id e n t if ic a t io n  of clay minerals was made by X-ray d iffrac tio n  
analysis. Sixteen samples of shale, sandstone and conglomerate matrix 
were analysed (Table 6 , Figure 23). From the less than two micron size 
frac tion  of these sediments, oriented, glycolated and random slides
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Figure 23 Location map of clay samples.
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Table 6 , Clay Mineralogy of Fort Union Conglomerates, Sandstones
_______________and Shales______ ______ ______ __________________ ________ ____
Position
Sample Mineralogy of less than in section
Location Rock type_______ 2 micron size fraction  __________ from base
1
2
6
7
8 
9
10
11
12
13
14
15
16
shal e 
shale
shale
shale
shale
shale
shale
shale
shale
shale
sandstone 
"oxidized"
sandstone- _ _ .r ---------- ,
s i l ic a  & c a lc ite  c lin o p tilo l  i te
cemented
serpentine M
serpentine, mixed layer c h lo r ite -  183m
smectite, minor i l  11 te
serpentine, mixed layer c h lo r ite -  M
smectite, minor i l l i t e
mixed layer ch lorite -sm ectite , 183m
c l in o p t i lo l i te
serpentine, i l l i t e ,  mixed layer M
chlorite-smecti te
serpentine, i l l i t e ,  chlorite-sm ectite  M
serpentine, smectite M
serpentine, smectite M
serpentine, mixed layer smectite 60m
ch lorite
i l l i t e ,  smectite 580m
serpentine, mixed layer smectite- 520m
chlorite
serpentine, mixed layer sm ectite-chlorite 
"  ' 520m
fin e  grained 
sandstone
sandstone-
calcareous
Matrix of  
conglomerate
sandstone
serpentine, mixed layer smectite- 
chlori te
serpentine, c l in o p t i lo l i t e ,  mixed 
layer sm ectite -ch lorite ,  minor i l l i t e
serpentine, c l in o p t i lo l i t e ,  mixed 
layer sm ectite -ch lorite
c l in o p t i lo l i t e ,  mixed-layer 
smecti te -c h lo r i te
M
150m
3040m
2 20 0m
M indicates middle Fort Union, exact s tra tig raph ie  location unknown
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were prepared and X-rayed. Some samples were ac id if ied  to d if fe re n t ia te  
between kao lin ite  and serpentine while others received potassium and 
magnesium treatments to enhance the verm icu lit ic  and c h lo r it ic  properties 
of mixed layer clays.
Most samples contained serpentine (Mg, Fe, Si^, G-jq (OH)g, 7A peak, 
acid soluble), i l l i t e  (KAI2 ( 0 H) 2  A1 Sig (oOH)io. broad lOA peak), 
smectite (NaAlg Si y O20  (OH)^, 12A peak expandable to 17A) and a mixed 
layer ch lorite -sm ectite  with varying degrees of expansibility (Table 6 ). 
A dditionally , 5 samples contained the zeo lite  c l in o p t i lo l i te  (K, Na,
Ca, A1 Si^ O-iQ • SHgO, 8.9A peak). No re lationship  between litho logy,  
stratigraph ie  position and authigenic assemblage was observed.
Mankin (1970) reports that both i l l i t e  and smectite can form in a 
semi-arid climate from the a lte ra tion  of volcanic ash. C linoptilo l i te  
forms by the dissolution of volcanic glass under a lka line  (ph7.5 -8 .1 )  
conditions (Hay, 1966). Since the authigenic mineralogy should re f le c t  
the chemistry of the postdeposition environment I suggest that diagenetic 
groundwaters within the Fort Union contained copious quantities of K,
Na, Ca, Mg, Fe and Si ions. This important point w ill  be discussed 
in Chapter V.
Mudstone
Fine-grained sediments are rare ly  exposed in the study area. Mud­
stones and siltstones are absent from the coarse conglomeratic facies 
but comprise about h a lf  of the to ta l sediment in the Area Creek facies. 
T yp ic a lly , mudstones are grayish olive-green (5 6 Y 3 /2 ) ,  th in ly  bedded.
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organic rich and contain numerous angular s i l t -s iz e d  grains. 
M ineralogically , d e tr i ta l  mudstones contain a clay suite s im ilar to 
the authigenic assemblage of adjacent channel sandstones (Table 6 ) .  
Mudstones were deposited on flood plains in the Area Creek fac ies , as 
abandoned channel f i l l  in the Chadborn facies and possibly as sub-wave 
base suspension deposits in the Brackett Creek facies.
Limestone
The Area Creek section contains three small m ic r it ic  limestone 
lenses. These beds are approximately 40cm th ick , a kilometer in la te ra l  
extent and pinch out in mudstones. Some micrites display wavy algal 
laminations containing an abundance of s i l t -s iz e d  detritus . The d e tr i ta l  
fraction varies from 10 to 25 percent and consists mainly of quartz. 
Stratigraphie relationships between mudstones and m ic r it ic  lenses suggest 
these to be fresh water lakes on the flood plain environment (Figure 24).
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Figure 24 Limestone lens exposed in Perkins Creek. 
Appendix Figure B.
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Location 42,
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CHAPTER IV 
SEDIMENTARY MODEL
Source Area
The preponderance of andesitic volcanic rocks in the Fort Union 
led Roberts (1963) to the conclusion that the Elkhorn volcanic f ie ld  
was the major source area. However, the basal Fort Union conglomerate 
fines rapid ly from northwest to southeast suggesting a source area 
closer than the present eastern l im i t  of the Elkhorn f ie ld .
A wide assortment o f andesitic volcanic rocks are contained in the 
Maudlow Formation, west o f the Bridger Range (Fig. 4 ) .  Fragments of 
blue-green v i t r ic  crystal t u f f  of the Maudlow Formation (member E) have 
been recognized as clasts within the basal Fort Union conglomerate. 
Additionally , paleocurrent directions indicate a source area in the 
v ic in i ty  of the Maudlow Formation. The Maudlow volcanics probably 
correlate  with the Elkhorn and Wolf Creek volcanic f ie ld s  (Skipp and 
McGrew, 1977), o r ig in a l ly  forming a huge volcanic p ile  covering as much 
as 26,000 square kilometers of Central Montana (Smedes, 1966). The 
many cubic kilometers o f vo lcanic lastic  sediments within the Livingston 
Group and Fort Union Formation c le a r ly  support this in terpretation .
Most of the volcanic detritus  was probably derived from the eastern 
edge of th is  p i le ,  o f which the Maudlow Formation is only an erosional 
remnant.
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As noted e a r l ie r ,  quartz ite  clasts exhib it greater morphological 
maturity than so fter volcanic c lasts . This morphological inversion 
may be due to recycling o f quartz ite  clasts from an older conglomerate 
or derivation from a more d is tan t source area. Descriptions of clasts  
contained in the nearby LaHood and Kootenai conglomerates bear l i t t l e  
resemblance to Fort Union quartz ite  c lasts . Quartzites may have been 
derived from the Pennsylvanian Quadrant sandstone or the Precambrian 
basement.
The Precambrian basement is exposed north o f the Crazy Mountains 
Basin in the L i t t l e  Belt Mountains. However these exposures are 
surrounded by Beltian sediments which have not been recognized in the 
basal Fort Union conglomerate. Basement exposures to the south of the 
basin are not associated with Belt rocks, but there is l i t t l e  paleo­
current evidence suggestive of north or northeast transport o f Fort 
Union sediments. Furthermore the basal Fort Union conglomerate thins 
and fines along the southern margin of the basin. Precambrian basement 
exposures in the Bridger Range are too fa r  south to provide detritus to 
the extensive Battle  Ridge conglomerates. Perhaps during Fort Union 
deposition the c ry s ta l l in e  basement was exposed west of the present 
Bridger Range and in the la te r  T ertia ry  a portion of th is  highland was 
downdropped forming the Three Forks basin (Fig. 25). Paleozoic lime­
stones and sandstones may have been eroded from exposures near Mandlow 
or from the Bridger Range.
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Facies Reconstruction
Sims (1967) interpreted the Livingston Group as a floodplain- 
delta system dispersing sediment northeastward. A flood of coarse­
grained d e tr itu s , derived from the Elkhorn volcanic p ile  and freshly  
exposed basement prograded over the finer-grained Livingston sediments, 
in i t ia te d  Fort Union sedimentation. The deposition o f the basal 
Fort Union conglomerate may have been the resu lt of e ith er tectonic 
u p l i f t  or a climatic change. However, the geometry of the basal con­
glomerate and the paleocurrent directions within the Fort Union suggest 
that the tectonic slope of the Crazy Mountains basin changed a f te r  
Livingston deposition. I feel th is is indicative of tectonism u p lift in g  
new source areas and changing the geometry of the basin.
I in terpre t the Fort Union Formation as a series of coalescing 
a llu v ia l  fans, deposited east o f a mountainous source area, in a 
tec ton ica lly  active downwarping basin. On the proximal, high gradient 
portion o f the a l lu v ia l  apron coarse elastics were transported during 
flood stage by braided or s l ig h t ly  sinuous streams (Figs. 25 and 26). 
Gravel was deposited in channel and point bars under lower flow regime 
conditions. Receding floodwaters deposited trough cross-bedded sands 
adjacent to gravel bars. High gradients on the proximal portion of the 
Fort Union fan prohibited the development of fine-grained flood plain  
deposits.
Further down the fan , the conglomeratic facies interfingers la te ra l ly  
with the Area Creek sandstone fac ies . Moderately sinuous, mixed load
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streams flowing on moderate gradient slopes deposited poorly sorted 
sands in scour pools and on lower point bars. Periodic flooding scoured 
into previously deposited sediments creating a choatic array of p a r t ia l ly  
preserved channel deposits. High flow conditions also inundated 
adjacent flood plains and deposited s i l t s  and muds from suspension.
Based on paleobotanical evidence, Wolfe (1978) suggests that the climate 
at th is time was mesic to humid and s ig n if ic a n tly  warmer than the present. 
Moderately high p rec ip ita tio n  probably maintained small ephemeral lakes 
on swampy vegetated flood plains and preserved carbonaceous debris under 
reducing conditions.
The basal sand lenses of the Area Creek section are large and very 
coarse-grained. The middle of this section is f in e r  grained and contains 
extensive overbank deposits. The lower Brackett Creek section is 
dominated by the conglomeratic facies and represents deposition on the 
upper reaches o f the apron. In the middle of th is  section the conglomeratic 
facies is replaced by the Area Creek sand facies (Fig. 26). This basin- 
wide fin ing  during middle Fort Union deposition may have been caused by 
several factors operating independently or jo in t ly .  I f  the source area 
became tec ton ica lly  quiescent, erosion and sedimentation would develop 
a graded (or nearly graded) p ro file  from the source area to the d ista l 
portion o f the fan. Low stream gradients would l im it  the extensive 
transportation o f gravel. Additionally , chemical weathering would 
assume a greater ro le  in a moderately low r e l ie f  source area, increasing 
the amount of clays supplied to the basin. The absence of conglomerates
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on the apical portion o f the apron during middle Fort Union deposition 
supports th is  p o s s ib i l i ty .  An increase in precipitation on a tecton ica lly  
quiescent low r e l i e f  source area would also resu lt in f in e r  grained 
d e tr itu s . Additionally  i f  sea level rose, the quilibrium p ro file  of 
the f lu v ia l  environment would be upset. Streams would deposit sands 
and thick overbank deposits to re-establish equilibrium conditions 
(McCave, 1969).
The Area Creek facies grades into the Brackett Creek facies at 
110*45' along Brackett Creek (Fig. 26). The Brackett Creek facies is 
interpreted to have formed e ith er in a delta topset or marginal marine 
environment during the deposition of the middle Fort Union. This rock 
type is located s tra t ig ra p h ic a lly  above the east of the Chadborn bar 
f inger sands. I f  the Brackett Creek facies is a marginal marine deposit, 
i t  represents an extensive transgression inundating most of the Crazy 
Mountains basin. The transgression would also explain the fining of the 
middle Fort Union. A coastal sand body would be necessary to supply 
storm sands to the hypothesized trans ition  zone environment. However, 
beach or delta facies were not recognized west o f the Brackett Creek 
fac ies . I therefore suggest the Brackett Creek rock type is a d is­
tr ib u ta ry  channel, levee, cravasse splay and flood plain deposit on the 
low gradient d is ta l portion of the Fort Union fan.
The Brackett Creek environment grades into the Chadborn facies along 
the Shields River (F ig . 26). Low stream gradients on the d is ta l fan 
allowed only f in e  sand and mud to be transported. Sand was deposited as
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channel f i l l  and, where d is tr ib u ta r ie s  met marine waters, as bar 
f inger sands. Wave a c t iv i ty  winnowed out the upper portion of the bar 
f inger sand, producing a well sorted, "clean" deposit. Mud was deposited 
in abandoned channels, swamps and delta fo rsets , of which only the 
former was recognized in the f ie ld .  Extensive cover in th is area conceals 
mudstones and s tra tig raph ie  relationships. However, the geographic 
positions of the Chadborn and Clyde Park exposures strongly suggests 
these deposits are corre la tive  with the middle f ine  grained portion of 
the Area Creek and Brackett Creek sections. Therefore, during middle 
Fort Union deposition the epicontinental sea extended as fa r  west as the 
Shields River.
At the top of the Brackett Creek section on Nixon Peak a 150 meter 
th ick deposit of the conglomeratic facies overlies Area Creek type 
sandstones. S im ila r ly  the top of the Area Creek section contains several 
th ick , coarse-grained sand lenses (Fig. 26). These isolated remnents 
are the youngest preserved sediments and record the progradation of a 
coarse c la s tic  wedge over the fine  grained middle Fort Union. The Nixon 
Peak conglomerates contain approximately 5 percent limestone clasts  
suggesting extensive u p l i f t  o f a nearby carbonate highland, possibly 
the Bridger Range. A dd itionally , several clasts of suspected Beltian  
sediments were collected from th is  coarse horizon. The history o f basin 
f i l l i n g  above the upper conglomerate is unknown because the top of the 
Fort Union is everywhere an erosion surface.
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CHAPTER V 
URANIUM IN THE FORT UNION
A sc in tillom eter was used to measure the radioactive emissions of 
Fort Union outcrops. Although sc in tillom eter readings were recorded at 
many locations, the instrument was only available for part of my f ie ld  
work, l im it in g  th is  portion o f the study. Typical background radiation  
levels ranged from 45 to 75 c .p .s .  The highest reading observed was 
125 c .p .s . at the base o f a large sandstone lens (in SE 1/4 52, T2S,
R8E) containing organic debris and clay rip-up clasts . Figure 27 
i l lu s tra te s  the varia tion  in sc in til lom eter readings in an Area Creek 
fin ing upward sequence. Generally the highest readings are associated 
with the basal, organic rich scour troughs and there is a steady decline 
in emissions as the sandstone fines upward. Although the scintillom eter  
readings are low, the varia tion  reported above suggests that uranium was 
concentrated to some degree in porous organic and clay rich horizons.
Forty samples o f sandstone, mudstone, coa lif ied  wood and Maudlow 
volcanic rocks were prepared fo r  geochemical analysis by the Los Alamos 
Lab. This data, when av a ilab le , should provide 1) an indication of the 
amount of uranium versus other radioactive niucleids, making s c in t i l lo ­
meter readings more meaningful, 2 ) an overall estimation of the uranium 
contained in Fort Union sandstones, and 3) the uranium content of the 
volcanic source rocks.
61
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Meters
Figure 27 Variation in sc in til lo m eter readings in a fining upward
sequence. Area Creek-type sandstone. Exposed at location  
26 Appendix Figure B.
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Figure 28 Average uranium content and Teachability of igneous 
rocks'. Modified from data in von B a c k s trom,(1974J 
and Larsen and G o ttfr ie d , (1961).
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The depositional environments recognized within the Fort Union 
Formation are very s im ila r  to those which deposited the uranium- 
bearing host rocks in the Wyoming Basins and Colorado Plateau. In 
order to form sandstone-type uranium deposits within these favorable 
sedimentary environments a uranium source, transportation system and 
prec ip ita tion  mechanism is required. The uranium source for the 
generalized model discussed in Chapter I is the in tr in s ic  uranium within 
gran itic  and tuffaceous host sandstones as well as the extrinsic  uranium 
supplied by leaching nearby granites. Because of the large ionic radius, 
odd coordination requirements and large e le c tr ic a l charges, uranium 
ions w il l  not substitute fo r  conmon cations in rock forming minerals.
This leads to the progressive partition ing  of uranium into la te  stage 
siliceous melts (F ig . 28). Uranium in igneous rocks occurs as 1) leach- 
able uranium minerals, 2 ) refractory high temperature uranium minerals,
3) leachable molecular or ionic disseminations within volcanic glass, 
cormron minerals and intergranular cavities (Armstong, 1974). Basic 
igneous rocks commonly contain less than 1 ppm uranium, the majority  
of which occurs in re fra c to ry , nonleachable minerals. Felsic rocks are 
a more favorable source, containing 3 to 12 ppm uranium (Bowie, 1970) 
much of which is e a s ily  leachable under surface conditions. Volcanic 
ash ty p ic a lly  contains high concentrations of many metals and has long 
been cited as the uranium source fo r sandstone type deposits. The 
a lte ra t io n  o f volcanic glass to smectite releases uranium to diagenetic 
waters (Walter and Granger, 1953).
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The volcanic detritus  within the Fort Union Formation is prim arily  
andesitic in composition although some fe ls ic  t u f f  is present. The low 
ash content and presumable low uranium content of the andesitic detritus  
most l ik e ly  precludes the in tr in s ic  uranium source for Fort Union sand­
stone m inera lization . Forthcoming Los Alamos geochemical analyses of 
Fort Union sandstones may substantiate th is  opinion.
Roberts (1972) reports the occurrence of several thousand meters 
of Eocene andesitic and dac it ic  igneous rocks and volcaniclastic  
sediments south of Livingston. Most units thin northward and are 
truncated by a post Eocene erosion surface. These rocks may once have 
overlain the Fort Union Formation, however, the Eocene andésites may 
also contain in s u ff ic ie n t  leachable uranium to form an economic deposit.
Glancy (1964) reports the occurrence of la te  Tertiary ash beds 
east of Bozeman (R6 E, T2S). These pyrocl as tics  may have once covered 
the Fort Union Formation and during d e v itr i f ic a t io n  possibly provided 
uranium to c ircu la ting  groundwaters. This hypothesis is analogous to 
some of the proposed origins of the Colorado Plateau and Wyoming Basin 
uranium deposits (Walter and Granger, 1953).
Probably the most favorable uranium source is the Eocene Crazy 
Mountains a lka lin e  in trus ive  series. Due to partition ing of uranium 
into la te  stage melts, a lka line  rocks are commonly enriched in th is metal 
Uranium concentrations in some a lka lin e  rocks may average 200 to 600 ppm 
(Bohse, 1974). A large s i l l  of the Crazy Mountain series (Gobblers 
Knob) intruded Fort Union strata within the study area (Fig. 5).
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S cin tillom eter measurements on th is  intrusive were 125 c .p .s . ,  twice 
the typical background readings of Fort Union sandstones. The main 
intrusives are located east of the study area and have domed and 
metamorphosed the surrounding Fort Union sediments. Conceivably the 
Crazy Mountains intrusives may contain (or have contained) a s ig n i­
f ic a n t ly  large , read ily  leachable supply of uranium which could be 
transported into domed Fort Union sandstones by c irculating ground­
waters.
Working with chemical, thermodynamic data. Hosteller and Garrels 
(1962) constructed phase diagrams fo r chemical systems believed to be 
operative during uranium transportation and prec ip ita tion . They con­
cluded that regardless of source, uranium in the supergene environment 
is probably transported in the hexavalent state , as a carbonate complex
A -2
such as [U0 2 (C0 3 ) 2  and [^102( 6 0 3 ) 2  • 2 H2 O] . Ore-bearing flu ids  are 
neutral to a lk a l in e ,  m ildly reducing, natural groundwaters, containing 
uranium in ppb concentration levels. Uranium transportation is favored by 
high CO3 concentrations (Hosteller and Garrels, 1962). The majority of 
Fort Union sediments were deposited and diagenetically altered under 
reducing conditions, as witnessed by the common abundance of preserved 
organic debris. Furthermore, the occurrence of authigenic c l in o p t i lo l i te  
suggests that diagenetic groundwaters were s lig h tly  a lka line  (Hay, 1966). 
Within th is  favorable environment, volcanic debris underwent a lte ra t io n ,  
releasing K, Na, Ca, Mg, Fe and Si, forming authigenic clays and ex­
tensive s i l ic a  cementation. Despite the iron rich reducing environment, 
Fort Union sandstones are d isturbingly defic ien t in p yrite , a ubiquitous
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constituent o f uranium host rocks. Fort Union sandstones contain above 
average quantities of magnetite, which is generally defic ient in uranium- 
bearing host rocks (Rackley, 1976). Some magnetite grains are euhedral, 
suggesting that iron was incorporated into magnetite and serpentine, 
rather than p y r ite ,  during diagenesis. Syntaxial overgrowths on d e tr ita l  
magnetite grains could also form euhedral crystals. Figure 29 shows 
magnetite forms only under extremely basic conditions. However, i f  both 
carbonate and su lfur concentrations are very low the f ie ld  of magnetite 
expands into the near neutral environment O^rauskopf, 1967). Most .thin 
sections contain only small quantités o f ca lc ite  cement which apparently 
precipitated a f te r  the pervasive s i l ic a  cementation. The in i t i a l  
diagenetic environment was probably defic ien t in carbonate and sulfur. 
In tr in s ic  uranium released during ash d e v itr if ic a t io n  may have been 
unable to form carbonate complexes, a situation c learly  unfavorable for  
the formation o f sandstone type uranium deposits. Sandstones from the 
top of the Area Creek section and near Chadborn contain extensive ca lc ite  
cementation. Extrins ic  uranium, leached from the hypothesized la te  
Tertia ry  tu ffs  and/or the Crazy Mountain intrusives may therefore have 
had a more favorable chemical environment.
Some of the o liv e  green sandstones which outcrop in the lower Area 
Creek section have been lo c a lly  bleached to a yellowish gray (5Y 8 /1 ) .
The yellowish sandstones are porous, poorly indurated and in thin section, 
hematite stained. No s ig n if ic a n t differences in scintillom eter readings 
were recorded between the yellowish and o live  green sandstones. Samples
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of both sandstones are being analyzed fo r elemental differences. 
Yellowish-gray zones probably resu lt from d if fe re n t ia l  cementation, 
a feature not uncommon to te r re s tr ia l  deposits. The poorly cemented 
sandstone may be more susceptible to present day weathering, causing the 
oxidation of ferrous iron minerals.
The bleaching may also have formed by the in flux of oxygeneated 
surface waters during diagenesis. However, a lteration  zones produced 
by geochemical c e lls  are most easily  id en tif ied  in the subsurface 
and are almost impossible to recognize in weathered outcrops (Rackley, 
1976).
The most prevalent hypothesis for the precipitation of uranium 
minerals involves the reduction of soluable to insoluable
by organic matter and HgS, along the margin of a geochemical c e l l .  The 
most commonly formed minerals are uraninite (UOg) and in the presence 
of vanadium, carnotite  (K2 (U0 2 ) 2  (^0 ^ ) 2  • (Hosteller and Garrels,
1962). In recent years many authors have recognized that bacteria 
provide a fundamental control on the chemical environment developed 
during the migration o f geochemical ce lls  (Rackley, 1976). The ccxnplex 
reactions which probably occur along the margins of advancing geochemical 
ce lls  are i l lu s t ra te d  in Figure 30. Within a sedimentary sequence 
uranium prec ip ita tio n  most commonly occurs along the margins of porous, 
organic rich  channel sandstones, complexly interbedded with impervious 
mudstones (F isher, 1974, Gabelman, 1971).
The conglomeratic facies o f the Fort Union lacks the carbonaceous 
trash and interbedded mudstones essential fo r  the precipitation of
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uranium, and is therefore unlike ly  to host these deposits. The complex 
interbedding of organic r ich , lensoidal sandstones with flood plain  
and abandoned channel mudstones in the Area Creek, Brackett Creek and 
Chadborn facies provides a sedimentary environment favorable for uranium 
p rec ip ita t io n . However, sandstones within these facies lack pyrite;  
an important chemical component in geochemical ce ll reactions. I f  the 
reactions portrayed in Figure 30 are correct, the absence of pyrite may 
preclude the extensive prec ip itation  of uranium.
The model developed above may explain the apparent lack of uranium 
m ineralization within the Fort Union Formation. A lternately one can 
build strong arguments postulating potential uranium resources within 
these s tra ta .  The depositional environments recognized in the Fort Union 
Formation are remarkably s im ilar to those active during the sedimentation 
of known uranium-bearing sandstones. Although andésites generally 
contain less uranium than fe ls ic  rocks, and are often cited as a poor 
source o f uranium, the Elkhorn volcanic f ie ld  probably contains (or 
contained) more than enough uranium to form economic occurrences. Prior 
to the u p l i f t  of the Bridger Range (possibly time equivalent to the 
upper Fort Union conglomerate) surface and groundwaters probably flowed 
from the Elkhorn f ie ld  into the Crazy Mountain basin. Weathering of the 
Elkhorn volcanics may have provided s ig n ifican t quantities of uranium
to c ircu la t in g  groundwaters.
The lack of pyrite  in Fort Union sandstones may not preclude the 
prec ip ita tio n  of uranium ions from oxidized waters. The oxidation 
of p yrite  supplies s u lfa te , u t i l iz e d  by anaerobic bacteria . The bacteria
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maintain reducing conditions favorable fo r uranium precipitation  
(Fig. 30). Hot springs associated with the Elkhorn volcanic f ie ld  
may have supplied su lfate  to c ircu la ting  groundwaters, maintaining 
bacteria populations, providing an environment conducive to uranium 
prec ip ita tion . HgS derived from coals in the Livingston Group and Eagle 
sandstone could also prec ip ita te  uranium from solutions with the Fort 
Union Formation (Jensen, 1958).
Based on the information available from surface exposures, both 
models are equally p lausible. Further exploration involving radiometrics 
and d r i l l in g  are required to resolve th is dilemma.
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CHAPTER VI 
CONCLUSIONS
The Fort Union Formation in the Crazy Mountains basin is a syn- 
tectonic series o f coalessing a l lu v ia l  fans deposited marginal to a 
highland containing andesitic volcanics, quartz ites . Paleozoic 
carbonates and Precambrian basement rocks. Streams carrying detritus  
from these sources prograded southeastward over Livingston Group delta-  
flood plain sediments. Braided streams on the apical high gradient 
portion o f the a l lu v ia l  apron deposited the conglomeratic facies exposed 
in the northwest portion of the study area. Further down the fan 
moderately sinuous, mixed load streams deposited fin ing  upward sand 
lenses and extensive flood plain muds of the Area Creek facies. This 
facies in te rf ing ers  la te ra l ly  with d is tr ibu tary  channel and delta topset 
marsh deposits o f the Brackett Creek facies on the low gradient distal 
portion of the a l lu v ia l  apron. At the eastern margin of the study area 
delta d is tr ib u ta ry  channels deposited the Chadborn bar finger sands, 
marginal to an extensive epicontinental sea.
Economic Potential
The economic potential of the Fort Union Formation in the western 
Crazy Mountains Basin is not f u l ly  understood. No uranium has been 
found and background radiation levels o f surface materials are low.
Fort Union sediments derived prim arily  from andesitic extrusives probably
72
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contain in s u ff ic ie n t  Teachable uranium to form an economic deposit. The 
absence o f g ra n it ic  detritus  and extensive ash horizons within the 
Fort Union probably eliminates the in tr in s ic  source fo r mineralization.
Late T ertia ry  ash deposits may once have overlain the Fort Union 
Formation and supplied uranium to c irculating groundwaters. The Crazy 
Mountains a lka lin e  series, east of the study area is probably the most 
favorable source of uranium in th is  region.
As part of the NURE program stream sediments and water samples, 
collected from the Bozeman 2° sheet, were analyzed by the Los Alamos 
Laboratory. Figure 31 i l lu s tra te s  the uranium contents of surface 
waters flowing over the Fort Union Formation. Streams draining the 
Crazy Mountains intrusives contain less dissolved uranium than those 
draining the Fort Union; apparently contradicting the Crazy Mountains 
uranium source hypothesis. However, the uranium content of surface 
waters is a function of water geochemistry, hydrology, topography and 
climate in addition to the a v a i la b i l i ty  of uranium in the drainage area 
(B olivar, 1979). Surface waters draining mountainous regions typ ica lly  
are low in dissolved solids and therefore have short uranium dispersion 
tra ins (B o lvair , 1979). Streams in low lying basins have higher 
dissolved solids and therefore re la t iv e ly  higher uranium concentrations. 
I  suggest the low uranium values exhibited by surface waters draining 
the Crazy Mountain intrusives are not indicative of low uranium concen­
tra tions within these rocks.
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The structural deformation and diverse sedimentary environments 
within the Fort Union a l lu v ia l  apron provide favorable settings for the 
development o f geochemical c e l ls .  Based on the authigenic mineralogy 
of Fort Union sandstones, the diagenetic environment was reducing, mildly  
alkaline and carbonate and su lfur d efic ien t. The lack of carbonate is 
unfavorable for the transportation of uranium ions. Although abundant 
organic matter is present in the Fort Union, the absence of pyrite may 
prevent the p rec ip ita tion  of uranium by biological processes. However, 
other sources of su lfa te  or H2 S may have been able to precipitate  
uranium from oxidized groundwater.
Future uranium exploration in the Fort Union Formation should be 
conducted near the pf^iphery of the Crazy Mountains Intrusives. The 
general paucity of outcrops throughout the Crazy Mountain Basin w il l  
necessitate the use o f radiometrics and d r i l l in g  to delineate favorable 
targets.
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Table  A. M in e ra lo g ic a l  com pos it ions  o f  th in  s e c t io n s  from B a t t le  Ridge, B ra cke t t  Creek, W i l s a l l ,  Clyde Park and Chadborn
Thin
Sec t ion  § 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
q u a r tz
composite
8 15 14 28 20 25 20 10 18 25 20 33 25 25 30 25 20 24 40 18 60 20 21 30
q ua rtz IM PSM PM PS PSM PM PMS PSM PS PM PM 0 P PSM PS PM 0 PS PM PS PM PM ISM PS
p la g io c la s e 1 1 1 2 1 1 5 P 2 P P 1 2 1 2 P 0 3 2 3 1 1 P P
o r th o c la s e 2 2 3 2 3 4 1 0 3 0 2 2 3 3 4 0 0 2 2 2 2 3 3 1
v o le ,  rock f r a g . 75 63 71 47 64 56 57 74 61 43 55 32 60 65 57 50 0 56 39 48 25 62 56 - 40
a u g i te  
1 imestone
6 2 2 5 P 6 5 1 4 18 6 P 2 1 P 2 P P 0 P P 1 P P
c la s t s 0 0 0 0 0 0 0 12 0 0 0 20 0 0 0 0 70* 0 1 23 0 P 3 0
b i o t i t e 0 0 P 0 P 0 P 0 P 0 0 P P P 0 0 P 2 P 0 P P P P
c h lo r i t e 0 P 0 0 0 0 0 0 0 0 0 0 P 0 P 0 P 1 0 0 P P 0 P
opaques
c a lc i t e
1 1 P 3 P 4 1 P 2 2 3 P 2 P 1 6 2 3 7 p 2 3 1 4
cement
s i l i c a
p P 0 1 0 P 0 0 0 P P 2 1 P 4 12 * 4 1 2 2 2 12 14
cement 
max. g ra in
15 14 9 12 11 4 10 3 10 12 14 10 5 10 6 5 0 5 8 3 6 8 4 11
s iz e  mm 
ruin, g ra in
1. 2 1,1 12 8 .75 1. 3 1. 9 4 .9 .8 3 .5 • 7 .5 1.0 • 3 . 2 .25 .5 6 .2 .4 1.1
s ize  mm 2 .2 2 . 2 .15 2 . 2 . 2 .2 .2 1 .2 1 .1 .2 . 1 . 1 .1 .1 .3 .1 .1 .1
s o r t in g  
% ang u la r
2 2 o' 1 2 2 1 0 2 2 1 3 2 2 3 2 3 3 2 0 3 2 0 3
q tz  g ra in s  
average An 
con ten t o f
75 70 90 65 40 65 30 80 75 30 30 30 25 50 60 75 80 25 15 20 20 40 35 60
p la g io c la s e  
amount o f  
hem atite
36 30 31 29 30 32 30 38 38 35 35 33 33 38 33 34 33 36 33 33 40 37 31
s ta in in g M M H M H M M___ H M S M M S M H M M H M M H M M
s o r t in g  0 = poor
1 = f a i r
2 = moderate
3 = w e l l  so rted  hem atite  s ta in in g  S = s l i g h t
4 = e x c e l le n t  M = moderate
H = heavy
P = m inera l present less than ]%
*  = l im es tone , non c l a s t i c  rock 
composite qua rtz  S = sedimentary quartz  g ra in s  
M = metamorphic qua rtz  g ra in s
00r\)
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Figure B Area Creek thin section location map.
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Table  B. M in e r a lo g ic a l  co m p os i t io ns  o f  t h in  s e c t io n s  from  Area Creek. See F igu re  B f o r  l o c a t io n s
Thin
S e c t io n  # 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
q u a r tz
com pos ite
7 39 13 20 46 40 28 25 29 25 15 40 40 25 30 30 27 20 35 10 45 50 25 28 35 20
q u a r tz 0 IS PSM PS’ PMS PS PMS PM PM PS 0 PM PM 2S PS PS 0 0 PMS 0 PS PS PM PM 0 PMS
p la g io c la s e 1 1 2 3 1 P 2 6 2 6 P 2 2 5 4 2 2 1 4 0 4 1 2 1 2 2 •
o r th o c la s e 3 2 ' 4 1 2 0 2 0 3 3 5 1 2 0 1 0 P 0 0 0 5 1 2 2 1 2
v o le ,  r x  f r a g . 72 41 67 70 44 50 53 53 57 53 72 44 45 58 55 37 41 3 48 0 29 32 2 45 48 51
a u g i t e
l im e s to n e
6 3 2 P 3 P P 1 P 3 P 1 1 P P P 1 P 1 P 1 P 46 7 1 1
c la s t s 0 1 0 0 0 P P 2 1 5 0 2 0 3 2 1 2 20 4 p 4 2 0 2 2 2
b i o t i t e 0 P P P 0 0 P 0 0 0 P 0 P 0 P P P 0 P p P 0 P 0 P 0
c h l o r i t e 0 P 0 0 0 P 0 P P 0 0 P P 0 0 0 P 0 0 p P 0 0 P 0 P
opaques 1 2 1 P P P P 2 2 P 1 1 1 P 0 P 2 1 2 p P 1 P 1 P 2
cha lcedony 0 0 0 0 0 P 0 P 0 P 0 0 P P P 0 P 0 0 0 P 0 0 0 P 0
c a l c i t e
cement
s i l i c a
.0 P 0 0 0 2 0 5 1 0 0 2 1 2 2 4 20 SO”' 4 90* 2 3 16 4 2 20
cement 
max g ra in
9 8 11 6 4 8 15 5 5 8 8 6 8 5 6 6 5 0 P 0 0 10 5 10 8 0
s iz e  in  mm 
min g ra in
4 1 3 3.5 6 3 5 1. 2 1 1. 2 1 8 1. 2 1. 5 2 1 ■3 . 5 .1 1 .6 • 8 . 5 .4 .7
s iz e  in  mm . 2 . 2 ,,2 .2 ,1 ,,2 . 2 . 2 . 2 . 2 .,1 . 2 . 2 . 2 . 2 . 2 ,1 . 1 . 1 .05 . 2 .2 . 2 . 2 .1 .1
s o r t i n g  
% a n g u la r
0 2 0 0 2 2 2 0 2 0 2 3 0 0 0 2 2 3 2 3 2 2 0 2 2 1
q tz  g ra in s  
average An 
c o n te n t  o f
20 45 60 70 25 50 65 60 50 60 50 75 85 40 35 30 70 75 65 80 30 60 85 70 50 80
p la g io z la s e  
amount o f  
n em a t i te
37 34 39 32 30 27 38 27 28 39 33 31 39 32 35 35 38 33 32 37 31 33 30 28 34
H H H S M M
TT 1
S H S S
 ̂t  "T .
H S S
” ru/
H S S M 0 M 0 S S H H H H
X    r - -----------------------------------------------------------------------------------   v  -  y u v f  O -  MCI I bUrUCU
M-moderate * - 1 im e s to n e -n o n -c la s t ic  rock  i  = f a i r  4 = e x c e l l e n t  s o r t in g
H-heavy composite  q ua r tz  -  S-sed im entary  rock fragments 2 = moderate
M = metamorphic rock fraaments
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ADDENDUM
The Los Alamos S c ie n t if ic  Laboratory geochemically analyzed 
40 whole rock samples; the results of which arrived a fte r  the 
completion of th is project.
No anomalous uranium or uranium path finder elemental con­
centrations were reported. Mudstones generally contain the highest 
uranium concentrations, ranging from 2.06 to 2.97 ppm; mean value 
2.31 ppm and average value 2.42 ppm. Sandstones display a broader 
range of uranium concentrations, 1.40 to 3.59 ppm, but as a group 
have lower mean (1.99 ppm) and average (2.01) values. The higher 
mean and average uranium contents o f the mudstones probably results 
from uranium's a f f in i t y  for organic matter and clay minerals. Al­
ternately  surface weathering may have leached uranium from the 
porous and permeable sandstones and may have had l i t t l e  effect on 
the impervious mudstones.
Figure 27 portrays the variation in scintillom eter readings in 
a fin ing  upward sequence. Samples were analyzed from each s c in t i l ­
lometer station. From the base of the sequence to the top the 
sample numbers are (3270) 43, 37, 44, 63 and 62. Sample 44, a 
coarse grained sandstone containing abundant clay rip-up clasts from 
the base o f a large scour channel had the highest reported uranium 
content o f the en tire  study, 3.28 ppm. A cleaner f in e r grained 
sandstone (sample 63) . 6  meters above sample 44 contained 2.31 ppm
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
uranium. Above th is sample f in e r  grained s i l t y  mudstones contained 
2.49 ppm uranium. These f ive  samples suggest uranium is preferentia lly  
concentrated in the clay rich basal channel lag sandstones and fine  
grained mudstones. Figure 27 also suggests that no direct re la tion ­
ship exists between the scintillom eter readings and the uranium 
concentrations. The highest scintillom eter reading is associated 
with the highest uranium analysis (sample 44). However, a reading 
only 8  cps lower is associated with a sample (#37) containing half  
the uranium and a sixth the thorium. Thorium may be responsible for  
some o f the varia tio n , however, most of the variance is probably due 
to the sc in tillom eter's  in a b i l i ty  to selectively measure radiation  
from a single point.
Three foss ilized  wood samples (#49, 65 and 6 8 ) contained the 
lowest uranium concentrations of the 40 sample tested (1.00, .67 
and .52 ppm uranium). This relationship is opposite that of 
uraniferous d is tr ic ts  where carbonaceous materials are often highly 
enriched in uranium compared to the surrounding sandstones. Ground­
water flowing through the Fort Union apparently was unable to re- 
mobilize, transport and concentrate significant amounts of uranium in
organic rich materials.
A sample o f an intermediate volcanic flow from the Maudlow 
Formation (sample #41) contained 1.28 ppm uranium. Although only 
one sample of suspected source rock was analyzed, this rock type is 
l i th o lo g ic a lly  representative o f Fort Union detritus and possibly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ind icative o f a poor source of uranium ions.
Although lim ited in scope and possibly effected by surface 
weathering the results o f the whole rock geochemical investigation  
suggests that the Fort Union Formation is unlikely to host sig­
n if ic a n t ly  mineralized strata in this area.
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L i s t i n g s  o f  F i e l d  D a ta  and E le m e n t a l  C o n c e n t r a t i o n s  
f o r  R o c k ,  S o i l ,  and S e d im e n t  S a m p le s  from  U n i v e r s i t y  o f  M ontana  
P i l o t  S t u d i e s  i n  W e s te r n  M ontana and E a s t - C e n t r a l  Id ah o
( 4 8  p a g e s )
N o te  t h a t  f o u r  p a g e s ,  num bered  (T) th r o u g h  i n  t h e  u p p er  r i g h t  hand c o r n e r ,
a r e  n e c e s s a r y  t o  p r o v i d e  t h e  c o m p l e t e  d a t a  l i s t i n g  f o r  e a c h  n u m e r i c a l l y  
o r d e r e d  s e q u e n c e  o f  s a m p l e s .
-  L i s t s  f i e l d  d a t a  and u ran iu m  c o n c e n t r a t i o n s  d e te r m in e d  by  
D e l a y e d - N e u t r o n  C o u n t i n g .
( 2) -  L i s t s  c o n c e n t r a t i o n s  o f  11 e l e m e n t s  d e t e r m in e d  by X-Ray  
F l u o r e s c e n c e  and A r c - S o u r c e  E m is s io n  S p c c t r o g r a p h y .
@ a n d ( 4 ) “ L i s t  c o n c e n t r a t i o n s  o f  31 e l e m e n t s  d e te r m in e d  b y  N e u tr o n  
A c t i v a t i o n  A n a l y s i s  and com pu ted  U/Th r a t i o s .
( S e e  A t t a c h m e n t  3 f o r  Code t o  L i s t i n g s )
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De s c r ip t io n
OF
Un iv e r s it y  of floNiANA P il o t  St u d ie s  
(See  Atta c k -e n t s  L  and  3  for F ie l d  and An a l y t ic a l  Data)
ARÏA
SAMPLE NTÎ3ERS 
327001-327030
327031-327070
327071-327091
327092-327186
327187-327269
NO. OF 
SAMPLESGEOGRAPHIC LOCATION ____
Southern Highland Me. area lo , 30 
Madison Co., Ml, 50 km couth 
of Butte.
Grassy Mt.-Cobblers Knob area AO
in Park Co. and Gallatin Co., MX,
10 km northwest of Livingston.
Sapphire Mt. area In Ravalli 21
Co., XT, 70 kn northeast of 
Haoilton.
Bitterroot Kt. area in Idaho Co., 95 
ID, along Lochaa River and Bear 
Creek.
Hlghwood Mt. area in Choceau Co., 83 
MT, 70 kra east-northeast of 
Great Falls,
327270-327579* Bitterroot Mt. area In Ravalli 310 
Co., MT, 10 km southwest of  
Conner.
327580-327637 Ruby, Gravelly, Madison, 
Gallatin, and Absaroka Ranges in  
Southwestern Montana,
58
327638-327733 Flint Creek Mt. area la  Granite 96 
Co. and Powell Co., KT, between 
Phillipeburg and Dear Lodge.
SAMPLE TYPEfS) 
Rock
Rock
Rock
Rock
Rock
Rock
STUDY TOPIC
Uranium and thorium distributions in upper aophibollte facies  
metamorphic rocks of the Cherry Creek group.
Cg
0>
Q .
Stream Water, 
Stream Sediment, 
S o il ,  and Rock
Rock
Relation of uranium and other metals to carbonaceous materials 
and sedimentary structures in aandstor.es of the Ft. Union form, 
cion on the western margin of the Crazy Mt. basin.
Distribution of uranium, thorium, and other trace elements in  
a differentiated alkaline u ltranatic /syenitlc  igneous complex.
Variations in uranium and thorium contents across two major 
end several minor granitic plutons at the northern end of the 
Idaho batholith.
Behavior of uranium, thorium, and other trace elements during 
differentiation of a lkali-rich  basaltic rocks from the Shor.kl: 
Sag laccolith  and related rocks of the Hlghwood Mt. igneous 
province.
Comparisons of uranium contents in s o i ls  and stream sediments 
with the fe ls ic  plutonic rocks from which they were derived. 
This study also examines variations of uranium concentratioma 
in stream waters as a function of seasonal fluctuations.
Regional distribution of uranium, thorium, and other trace 
elements in high-grade Archean metamorphic rocks of south­
western Montana with emphasis on the possible mobilization 
and migration of the radioactive elements with increasing 
metamorphic grade.
Patterns of uranium distribution In f e l s i c  plutonic rocka of 
the Royal, Phillipsburg, Kt. Powell and Racetrack Creek 
plutons of the F lin t Creek lixscrusiva complex.
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A I 1A C H M Ë N 1-2. (continued). Elemental Concentrations for Sediment Samples ©
D0€ ŜVMPIE NUMBER
3C
30
30
30
30
30
30
30
30
30
30
30
30-
30
30'
30-
30
30-
30-
30-
■-.0-
3 0 -
3 0 -
3 0 -
3 0 -
3 0 -
30-
3 0 -
3 0 -
3 0 “
30-
30-
30-
30
30
30
30
30-
30-
30-
30-
30-
30-
30-
30-
30
30-
30-
30-
30
3 0
‘. 5 . 5 * 1 6 3  
- 4 5 . 5 6 4 3  
- 4 5 . 5 6 7 8  
- 4 5 . 5 6 4 7  
- 4 5 . 5 6 4 7 -  
- 4 5 . 5 6 3 9 -  
- 4 5 . 5 6 3 1 -  
- 4 5 , 5 6 4 4 -  
- 4 5 . 5 6 6 4 -  
- 4 5 . 5 6 5 0 -  
- 4 5 . 5 6 5 3 -  
- 4 5 . 5 6 6 1 -  
- 4 5  . 5 70 3 -  
- 4 5 . 5 6 9 7 -  
- 4 5 , 5 6 3 6 -  
- 4 5 . 5 6 5 6 -  
- 4 5 . 5 6 5 6 -  
- 4 5 . 5 6 5 6 -  
- 4 5 . 5 6 9 2 -  
- 45  . 5 6 8 9 -  
4 5 . 5 6 8 9 -
4 5 . 5 6 7 5 -
4 5 . 5 6 7 5 -  
4 5 . 5 6 6 9 -  
4 5 . 5 6 9 2 -  
4 5 . 5 6 4 7 -  
4 5 . 5 6 4 4 -  
4 5 . 5 6 5 0 -  
4 5 . 5 5 3 6 -  
4 5 . 5 5 5 0 -  
4 5 . 6 9 2  9- 
4 5 . 6 ^ 9 4 -  
4 5 . 9 7 0 0 -  
■ 4 5 . 6 8 5 0 -  
■ 4 5 , 8 7 0 0 -  
-4 5 . 8 7 8 6 -  
- 4 5 . 6 6 7 5 -  
-4 5 .  8 7 8 1 -  
■ 4 5 . 8 7 4 2 -  
■45 . 6 8 7 5 -  
4 6 . l i l i ­
e s . 8 9 3 3 -
4 5 . 6 8 7 5 -
4 5 . 6 8 7 5 -  
4 5 . 6 3 9 4 -  
4 5 . 7 4 8 1 -  
4 5 . 8 9 2 9 -  
■ 4 5 , 8 8 7 5 '  
- 4 5 . 8 8 7 5  
- 4 5  .  8 8 2 3  
. 1 . 5 . 8 7 1 . 9
1 1 2 . 4 8 7 2
- 1 1 2 . 4 . 3 8 1
- 1 1 2 . 4 9 7 3  
- 1  12 . 4 9 3 9  
-112.4125 
- 1 1 2 . 4 9 1 7  
- 1 1 2 . 4 9 1 1  
- 1 1 2 . 4 9 0 0  
- 1  1 2 . 48 39 
- 1 1 2 . 4 8 3 9  
- 1 1 2 . 4 8 4 7  
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- 1 1 ?  . 4 . 817  
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1 1 0 . 8 4 3 9 -  
1 1 0 . 7 0 5 0 -
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1 1 1 . 0 7 5 3 -  
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1 1 0 . 6 9 1 1 -
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1 1 0 . 7 1 2 5 -  
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E L E M E N T A L  C O N C E N T R A T IO N S  D E T E R M IN E D  B Y  X - R A Y  F L U O R E S C E h
CocKonlratiQcu r«poci«9 in w « ig 6 l pon& pef m illion {ppm )
A g  B i C d  C u  N b  N i  Fb Sn W
1
c - 3 2 7 0 0 1 - 5 11 79 - 2 0 66 - 5 - 1 0 24
0 - 3 2 7 0 0 2 - 5 5 104 - 2 0 54 41 - 1 0 - 1 5
0 - 3 2 7 0 0 3 - 5 - 5 43 - 2 0 24 9 - 1 0 - 1 5
0 - 3 2 7 0 0 4 - 5 - 5 - 5 114 - 2 0 1445 - 5 - 1 0 - 1 5
0 - 3 2 7 0 0 5 - 5 - 5 19 - 2 0 - 1 5 16 28 - 1 5
0 - 3 2 7 0 0 6 - 5 - 5 73 21 23 13 - 1 0 - 1 5
0 - 3 2 7 0 0 7 - 5 6 65 - 2 0 87 - 5 - 1 0 - 1 5
0 - 3 2 7 0 0 8 - 5 - 5 26 - 2 0 337 - 5 - 1 0 - 1 5
0 - 3 2 7 0 0 9 - 5 - 5 11 - 2 0 35 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 0 - 5 11 155 - 2 0 - 1 5 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 1 - 5 - 5 155 44 55 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 2 44 49 28 111 - 2 0 - 1 5 7 3 6 7 - 1 0 - 1 5
0 - 3 2 7 0 1 3 - 5 5 - 1 0 - 2 0 251 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 4 5 - 5 96 - 2 0 763 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 5 - 5 6 118 - 2 0 181 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 6 - 5 - 5 104 - 2 0 - 1 5 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 7 - 5 5 99 - 2 0 50 - 5 - 1 0 - 1 5
0 - 3 2 7 0 1 8 - 5 - 5 28 20 - 1 5 16 - 1 0 - 1 5
0 - 3 2 7 0 1 9 - 5 - 5 - 5 24 25 - 1 5 19 - 1 0 - 1 5
0 - 3 2 7 0 2 0 - 5 - 5 186 - 2 0 44 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 1 - 5 - 5 25 - 2 0 - 1 5 13 - 1 0 - 1 5
0 - 3 2 7 0 2 2 - 5 - 5 119 - 2 0 73 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 3 - 5 - 5 15 - 2 0 2 89 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 4 - 5 - 5 19 - 2 0 16 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 5 - 5 - 5 21 - 2 0 23 - 5 - 1 0 - I  5
0 - 3 2 7 0 2 6 - 5 5 93 - 2 0 147 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 7 - 5 - 5 109 - 2 0 44 - 5 - 1 0 - 1 5
0 - 3 2 7 0 2 8 - 5 - 5 82 - 2 0 - 1 5 6 - 1 0 - 1 5
0 - 3 2 7 0 2 9 7 - 5 25 - 2 0 33 - 5 - 1 0 - 1 5
0 - 3 2 7 0 3 0 - 5 - 5 48 - 2 0 19 8 11 15
0 - 3 2 7 0 3 1 - 5 - 5 38 34 36 - 5 - 1 0 - 1 5
0 - 3 2 7 0 3 2 - 5 - 5 14 30 16 - 5 - 1 0 - 1 5
c-3 2 7 0 3 3 - 5 - 5 56 - 2 0 23 7 - 1 0 - 1 5
0 - 3 2 7 0 3 4 - 5 - 5 58 - 2 0 35 21 - 1 0 - 1 5
0 - 3 2 7 0 3 5 6 - 5 51 - 2 0 36 - 5 - 1 0 - 1 5
0 - 3 2 7 0 3 6 - 5 - 5 - 5 26 - 2 0 - 1 5 5 - 1 0 - 1 5
0 - 3 2 7 0 3 7 7 - 5 22 - 2 0 29 5 - 1 0 - 1 5
0 - 3 2 7 0 3 3 6 - 5 42 - 2 0 - 1 5 6 - 1 0 - 1 5
0 - 3 2 7 0 3 9 - 5 - 5 45 - 2 0 17 - 5 - 1 0 - 1 5
0 - 3 2 7 0 4 0 - 5 - 5 24 - 2 0 32 - 5 - 1 0 - 1 5
0 - 3 2 7 0 4 1 - 5 - 5 33 - 2 0 - 1 5 - 5 - 1 0 - 1  5
0 - 3 2 7 0 4 2 - 5 - 5 56 - 2 0 39 6 - 1 0 - 1 5
0 - 3 2 7 0 4 3 - 5 - 5 - 5 35 - 2 0 31 7 - 1 0 - 1 5
0 - 3 2 7 0 4 4 8 8 32 - 2 0 74 - 5 - 1 0 - 1 5
0 - 3 2 7 0 4 5 - 5 - 5 29 - 2 0 46 - 5 - 1 0 - 1 5
0 - 3 2 7 0 4 6 - 5 - 5 39 - 2 0 36 9 - 1 0 - 1 5
0 - 3 2 7 0 4 7 - 5 - 5 57 - 2 0 61 8 - 1 0 - 1 5
0 - 3 2 7 0 4 8 - 5 - 5 82 21 48 - 5 - 1 0 - 1 5
0 - 3 2 7 0 4 9 - 5 - 5 19 - 2 0 - 1 5 - 5 - 1 0 - 1 5
0 - 3 2 7 0 5 0 - 5 - 5 3 4 20 21 - 5 - 1 0 - 1 5
0 - Î 2 7 0 5 1 -5 5 - 6 4 2 - 2 0 2 4 9 - 1 0 - 1 5
ELEMENTAL CONCENTRATIONS 
DETERMINED BY ARC-SOURCE 
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